Background: Stress fracture is one of the most common overuse injuries in athletes. Overloaded mechanical stimulation is an important factor affecting stress fractures, but the mechanism is unclear. Methods: MC3T3-E1 cells and a polycaprolactone (PCL) scaffold were co-cultured, and finite element analysis (FEA) was used to analyze the load-carrying capability. Cell proliferation was investigated with CCK-8 assays. An alkaline phosphatase (AKP) activity assay was used to evaluate cell differentiation. Cell apoptosis was analyzed using Hoechst/ PI double-labeling, Caspase-3 activity and lactate dehydrogenase (LDH) activity assays. Realtime PCR and Western blotting were used to examine the gene and protein expression, respectively, of Caspase-3 and Caspase-9. Assays of the intracellular calcium with fluorescent probe technique and extracellular ATP with fluorometric assay kit were used to analyze the changes in the intracellular calcium concentration induced by calcium channel opening and the release of ATP, respectively, at different operation times. Results: When the apparent strain reached 10000 με, the strain scope of fiber at levels greater than 4000 με was 60%. Overloading for 4 days and operation times of 0.5 h and 2 h increased the cell number and AKP secretion. However, apoptosis genes were activated at the same time, and the operation time of 2 h had a significantly greater effect than 0.5 h. At 8 days, the cell numbers were greater for the operation time of 0.5 h than for 2 h, and the 2-h groups had the fastest apoptosis rate. Overloading for 1 day increased intracellular calcium levels and ATP release. The increase in intracellular calcium could be blocked by the addition of N-ethylmaleimide (NEM) or Hank's medium. Overloading for 8 days increased intracellular calcium levels but decreased extracellular ATP, and verapamil blocked the increase in intracellular calcium. Conclusion: We found that a simultaneous 'double effect' on osteoblasts was induced by overloading, which promoted cell proliferation, differentiation and apoptosis. Short-term overloading could open the cell membrane calcium channels and release calcium stores to elevate intracellular calcium L. Liu and H. Li contributed equally to this work.
Introduction
Stress fractures caused by repeated and continuous force and long-term accumulation of damage are one of the most common ailments in the infantry. Stress fractures are also one of the most common overuse injuries in athletes and account for up to 20% of all injuries presented to sports medicine clinics [1] . Previous studies have found that stress fractures are associated with bone remodeling activities, including bone formation and bone resorption. Both osteoblasts and osteoclasts are involved in this process [2] .
Mechanical stimulation plays an important role in bone remodeling, which is balanced between bone formation and bone resorption at physiological loading levels (200-4000 με). Mechanical stimulation can promote osteoblast differentiation and suppress osteoclast differentiation, resulting in increased bone mass and strength. These have great significance for bone repair in patients with fractures and in menopausal women for osteoporosis prevention [3] [4] [5] [6] . Bones experience overloaded mechanical stimulation when the strain is greater than 5000 με. At this time, the mechanical stimulation inhibits the activity and function of bone and even causes apoptosis in bone tissues [7, 8] . However, few in vitro experiments have studied the osteoblast apoptosis induced by overloaded mechanical stimulation.
Apoptosis, or programmed cell death, is an important component of the homeostasis that regulates the body's growth and development. The mechanisms of cell apoptosis are divided into a mitochondrial pathway, an endoplasmic reticulum pathway and a death receptor pathway [9] [10] [11] [12] . The mitochondrial apoptosis pathway is thought to be caused by calcium overloading. Calcium is a vital osteoblast regulator, and intracellular calcium is clearly associated with the regulation of osteoblast functions. Mechanical stimulation promotes osteoblast proliferation and differentiation by elevating intracellular calcium levels and activating calmodulin (CaM) and the expression of CaMKII and c-fos [13] . Additionally, a large-magnitude (12%) cyclic stretch induced Ca 2+ influx, which activates reactive oxygen species generation and then the ASK1-JNK/p38 pathways, contributing to osteoblast apoptosis [14] .
Adenosine triphosphate (ATP) is closely connected to increases in intracellular calcium. Studies have found that the increased intracellular calcium caused by mechanical stimulation is a second messenger that promotes cellular ATP secretion [15, 16] . Through a receptor on cell membranes, extracellular ATP leads to increased calcium release from stores, and mechanical stimulation increases cell proliferation and differentiation. In contrast, stimulation of the P2X7 receptors for ATP leads to an elevation of intracellular calcium and increases cell death [17] . However, whether the changes in ATP and intracellular calcium induced by overloaded mechanical stimulation can lead to cell apoptosis has not been proven.
From the point of view of bionics, it might be better to grow osteoblasts in a threedimensional scaffold to copy the environment of the human body. A series of studies found that cells in a two-dimensional plastic culture plate had different biological effects than those in three-dimensional scaffolds. Our experiment used three-dimensional printed polycaprolactone (PCL) scaffolds as described by Sung et al. and Kumar et al. [18, 19] . The co-culture of MC3T3-E1 cells and the scaffold promotes osteoblast proliferation and differentiation in the stress load and circulatory perfusion biological reactor, as described by Liu et al. Subsequently, bone will form [20] . The stress load and circulatory perfusion biological reactor can copy the environment of bone tissue effectively, and it provides a relative measure of the actual force experienced by cells. In this experiment, MC3T3-E1 cells and a scaffold were co-cultured until the scaffold was covered by cells, which were then loaded into the stress load and circulatory perfusion biological reactor. We demonstrated the effects of overloaded mechanical stimulation for different durations and operation times on osteoblast apoptosis by measuring cell apoptosis-related factors, such as the concentrations of relevant proteins and RNA and the activity of Caspase-3 and Caspase-9, to explore the role of calcium and ATP in osteoblast apoptosis and to provide evidence to elucidate the mechanism of stress fractures.
Materials and Methods
Three-dimensional culture with MC3T3-E1 MC3T3-E1 cells, a mouse monoclonal pre-osteoblastic cell line, were seeded on 3-D printed PCL scaffolds as previously described [20] at a density of 2×10 6 /mL. After 4 h, 10 mL of medium (L-DMEM with 10% fetal bovine serum plus 1% antibiotics supplemented with 250 μM ascorbic acid-2-phosphate (Sigma), 100 nM dexamethasone (Sigma), 10 mM ß-glycerol-phosphate (Sigma)) was added to the cell-scaffold constructs [21] . For the 14 days of co-culture, all incubations were performed at 37 °C in a humidified atmosphere of 5% CO 2 , and the medium was changed every 2 days. A preliminary study showed that the cells could grow well on a PCL scaffold. The co-cultured cells and PCL scaffold were placed in the loading instrument, with the stress set at 10000 με and 1 Hz. A group with no mechanical loading and the same conditions was used as the control group.
FEM analysis
FEM analysis was used to analyze the load-carrying capability for mechanical loads of 5000, 7500, and 10000 microstrain (με). Three-dimensional inverse reconstruction software Geomagic (Geomagic, USA) was used to find the non-uniform rational basis spine (Nurbs) surface. The actual strain distribution of the PCL scaffold was determined by the analysis.
Hoechst/PI double-labeling assays
Loaded cells and control cells were placed in Eppendorf (EP) tubes and washed with PBS three times. To each tube, a solution of 200 μL PBS, 2 μL Hoechst-33342 (Enzyme-linked, China) and 2 μL propidium iodide (PI, Enzyme-linked, China) was added. After incubation for 4 °C and 15 min in the dark, the cells were removed, placed in a new EP tube, and washed with PBS twice. Cells were removed and observed under a fluorescence microscope.
Cell Counting Kit-8 assays
The MC3T3-E1 cell proliferation was investigated using a Cell Counting Kit-8 assay (CCK-8 Boster, China) according to the manufacturer's instructions. Cells were placed in a 24-well plate after mechanical loading, shaken for 10 min and incubated for 4 h after the addition of 540 μL medium and 60 μL CCK 8 reagent. The supernatant was then added to 96-well plates with a total volume of 200 μL in each well and measured in a Microplate Reader (TECAN, Austria) at a wavelength of 450 nm.
AKP activity assays
The medium was removed and centrifuged at 14,000×g for 10 min at 4 °C. The clear supernatant was used for an alkaline phosphatase (AKP) activity assay using an AKP activity assay kit and measured in a Microplate Reader (TECAN, Austria) at a wavelength of 520 nm.
Caspase-3 activity assays
Cell apoptosis was measured using a Caspase-3 activity kit (Jiancheng, China). Cells of each group were placed in an EP tube after the loading. Lysate solution (100 μL) was added to each tube, incubated in ice for 30 min, and shaken 3 times during the incubation. Centrifugation at 4 °C at 12000 RPM for 15 min was performed, and the supernatant was placed in a new EP tube. The Bradford protein assay was used to determine the protein concentration, and the measurement system was used according to the instructions. After incubation for 4 h at 37 °C, plates were measured in a Microplate Reader (TECAN, Austria) at a wavelength of 450 nm.
LDH activity assays
The supernatant from each culture group was used to measure the lactate dehydrogenase (LDH) activity. The OD value was measured on the Microplate Reader (TECAN, Austria) at a wavelength of 450 nm.
Intracellular calcium assays
For the 1.5 h loading condition, 10 mL Fluo-4-am was added to the culture medium, and then the sample was loaded for 0.5 h in the dark. Cells were removed and placed in new EP tubes with Hank's medium and washed three times after loading. Then, 0.1% TritonX (1 mL) was added to each tube, which was shaken for 5 min. Next, centrifugation at 12000 g for 5 min in 4 °C was performed. The supernatant was then removed (100 μL) and placed in a 96-well black plate, which was measured in a fluorescence spectrophotometer using wavelengths of Ex/Em=488/506 nm.
Extracellular ATP concentration assays
After loading, 1 mL culture medium was removed (the medium was changed to Hank's medium before loading to evaluate the influence of N-ethylmaleimide (NEM) on the intracellular calcium concentration and the concentration of ATP at 1 d). Centrifugation at 8000×g was performed for 5 min. The supernatant was removed (100 μL) and placed in a white 96-well plate, ATP detection reagent was added, and the fluorescence was measured using a spectrophotometer.
Real-time quantitative PCR to measure the relative mRNA levels of Caspase-9, Caspase-3, Bcl-2 and Bax
Total RNA was extracted with Trizol (Invitrogen), and the RNA integrity was verified by denaturing agarose gel electrophoresis. The concentration of total RNA was determined using a Quant-iT RNA assay kit (Invitrogen). Reverse transcription was performed with 1 μg RNA in a total volume of 20 μL per reaction using Revertra Plus (Toyobo, KITA-KU, OSAKA, Japan). Quantitative RT-PCR was performed to determine the mRNA levels of Caspase-9, Caspase-3, Bax and Bcl-2 using a pair of primers specific to those genes (Table 1) on a Bio-Rad real-time PCR System (ABI, LA, CA, USA) with Brilliant SYBR Green master mix. The fold change was calculated using the control sample Ct values at each specified time point as a calibrator using the 2 -△△CT method. Three independent experiments were performed to determine relative mRNA levels.
Western blot to measure the protein expression of Caspase-9, Caspase-3, Bcl-2 and Bax
Cells were solubilized in modified RIPA buffer (1% NP-40, 0.25% sodium deoxycholate, 150 mM NaCl, 1 mM EGTA, 1 mM phenylmethyl-sulfonyl fluoride, 1 mg/mL aprotinin, leupeptin, pepstatin, and 1 mM sodium ortho-vanadate in 50 mM Tris-HCl, pH 7.4). Approximately 30 μg protein was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) to determine the Caspase-9, Caspase-3, Bcl-2 and Bax expression. Subsequently, the proteins were transferred to nitrocellulose membranes. The membranes were blocked in TBS-T with 5% milk for 1 h and probed overnight at 4 °C with mouse anti-Caspase-9, mouse anti-Caspase-3 and anti-Bcl-2, anti-Bax antibodies (1:1000, Abcam, Cambridge, UK). After being washed, the membranes were incubated with HRP-conjugated secondary antibodies. The immunoreactive bands were visualized using an enhanced chemiluminescence detection kit. The optical density of the protein bands was determined with a Gel Doc 2000 (Bio-Rad, WA, CA, USA). The expression of GAPDH was used as a loading control. The results were presented relative to those of control cells without treatment. Table 1 . Oligonucleotides used in real-time PCR All experiments were repeated at least three times, and values are expressed as the mean ± standard deviation. All data were analyzed using one-way analysis to determine significant differences between groups using SPSS statistical software 21.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference. 
Statistical analysis

Results
Computer simulation for mechanical loading threshold
We used ANSYS FEM analysis software (ANSYS, USA) for the residual analysis of the 300 µm fiber spacing of the 3-D printed PCL stent to determine the PCL strain distribution in the following mechanical loading conditions: 5000 µε, 7500 µε and 10000 µε. We found that with increasing mechanical stimulation, strain was enhanced on the fiber surface, and the strain scope of fibers at greater than 5000 µε increased gradually. When the apparent strain reached 10000 µε, the strain scope of fiber at more than 4000 µε would reach 60% (Fig. 1) . We chose an apparent strain of 10000 µε for mechanical loading.
Damage occurred with overloading for 8 days
Fluorescence microscopy observation clearly showed that the control group nuclei were stained light blue by Hoechst-33342 solution (Fig. 2) , and fewer nuclei were stained red by PI. The nuclear shape was roughly the same in the groups that were overloaded for 0.5 h for 8 d and 4 d and for 2 h for 4 d and in the control group; dead cells were less visible. This finding suggests that normal cultured cells did not undergo apoptosis. Shrinking nuclei were observed in the groups that were overloaded for 0.5 h for 12 d and 2 h for 8 d and 12
Fig. 1.
Finite element analysis of a polycaprolactone (PCL) scaffold with 300-μm strut spacing. Under an apparent strain of 10000 με, the strut suffered 60% overloading; under an apparent strain of 7500 με, the strut suffered 48% overloading; and under an apparent strain of 5000 με, the strut suffered 17% overloading. d. The cell shapes were irregular, with numerous apoptotic bodies stained red by PI. This phenomenon proved that the apoptosis started at the overloading for 0.5 h every day for 12 days and 2 h every day for 8 days.
The CCK-8 value in the groups that were overloaded for 0.5 h for 4 d and 8 d or overloaded for 2 h for 4 d was significantly higher (P<0.05) than in the normal control group (Fig. 3, A) . With overloading 0.5 h for 12 d and overloading 2 h for 8 d and 12 d, the OD value was significantly decreased (P<0.05). This phenomenon suggests that loading for 4 days promoted cell proliferation and began to inhibit the proliferation at 8 days. With a duration less than 8 days, the OD value in the 0.5-h group was greater than that of 2-h groups (P<0.05), and there was no significant difference (P>0.05) between the overloading for 0.5 h and 2 h for 12 d. This finding suggests that the inhibition of mechanical loading in the groups that were loaded for 2 h every day was obviously stronger than in the groups that were loaded for 0.5 h. After overloading for 12 days, the cell proliferation in both groups was strongly inhibited.
The AKP activity in the control, 0.5-h and 2-h groups was significantly different (P<0.05), but there was no significant difference between the 0.5-h and 2-h groups (P>0.05) (Fig. 3, B) . This finding suggests that overloading can promote cell differentiation and is not related to the operation time. The AKP activity of the 4-d, 8-d, and 12-d groups was higher than that of the control group (P<0.05), and there was no statistically significant difference between the 8-d and 4-d groups (P>0.05). There was a significant interaction between operation time and duration (P<0.05). This result suggests that a short period of overloading promoted osteoblast differentiation and a long period inhibited differentiation.
The rate of apoptosis can be reflected by the LDH activity. There was a significant difference (P<0.05) between the LDH activity in the control group (Fig. 3, C) and that in the groups that were overloaded for 0.5 h or 2 h for 4, 8, and 12 days. The LDH activity was significantly higher in the groups that were loaded for 2 h than in those loaded for 0.5 h or the control group (P<0.05). This finding suggests that the rate of apoptosis is faster for overloading for 2 h per day than for 0.5 h per day. There was an interaction between operation time (i.e., 0.5 h or 12 h) and duration (i.e., 4, 8, or 12) (P<0.05), and the group that was loaded for 2 h per day for 8 d had the highest LDH activity. The results indicate that the rate of apoptosis reached the maximum in 8 days.
Compared with the value in the control group (Fig. 3, D) , the Caspase-3 activity was increased (P<0.05) in all groups except the group that was loaded for 0.5 h per day for 4 d. This result suggests that overloading can promote the activation of genes related to cell apoptosis. The Caspase-3 activity was significantly different (P<0.05) between the groups that were loaded for 2 h and 0.5 h for 4 d. However, there was no statistically significant difference between the two time points of loading for 8 d and 12 d (P>0.05). These results indicate that cells expressed apoptosis genes in response to overloading for 2 h per day for 4 d, whereas the 0.5-h group began to express apoptosis genes at 8 d.
Compared with the value in the control group (Fig. 4) , the gene expression of Caspase-9 and Caspase-3 in the model group increased significantly (P<0.05). The gene expression of Caspase-3 with overloading for 2 h every day for 4 d was higher than that for the group with overloading for 0.5 h every day (P<0.05). For Caspase-9, the group with overloading for 2 h every day for 4 d was higher than that of the group with overloading for 0.5 h every day (P<0.05). This finding suggests that cells began to die at 4 d and that the effect of overloading for 2 h every day was significantly greater than that of overloading for 0.5 h (P<0.05). Western blot results showed that compared with the expression in the normal control group, the protein and mRNA expression of Caspase-9 and Caspase-3 in the model group increased significantly (P<0.05). The protein expression in the group with overloading for 2 h every day was greater than that in the group with overloading for 0.5 h. The results suggest that the expression of genes and proteins related to apoptosis was greater in the model group than in the control group. The longer cells were subjected to overloading, the higher the rate of apoptosis.
Different durations of overloading had different effects on extracellular ATP and intracellular calcium levels
Overloading for 2 h per day had different effects on the intracellular calcium and extracellular ATP levels for the different durations of overloading (Fig. 5) . With increasing duration, the extracellular ATP content showed an initial increase, followed by a decrease. The concentrations of intracellular calcium and extracellular ATP increased significantly (P<0.05) on the first day of overloading. On the second day, there was little difference in extracellular ATP between the control group and the model group (P>0.05). The extracellular ATP concentration was significantly less than in the control group (P<0.05) from the third day. This result suggests that the different biological effects on cells were related to the duration of overloading.
The extracellular ATP and intracellular calcium levels were significantly elevated by overloading for one day in Hank's medium (Fig. 6 A, B) . NEM, a membrane fusion inhibitor that targets vesicles [22] , significantly reduced this effect. This finding suggests that overloading promotes the release of ATP directly without a change in the calcium channels on the cell membrane to increase the intracellular calcium over a short duration. Compared with the model group, the group with verapamil had significantly lower extracellular ATP and intracellular calcium concentrations, which were up-regulated significantly by overloading (P<0.05) (Fig. 6 C, D) . This finding suggests that the ATP release induced by mechanical stimulation is dependent on the influx of calcium through calcium channels. These phenomena indicate that both the opening of calcium channels on the cell membrane and ATP secretion result in increased intracellular calcium in response to a short period of overloading.
Overloaded mechanical stimulation for 8 days (Fig. 7) significantly increased the intracellular calcium but decreased the extracellular ATP. Compared with the control group, the group that also received NEM had no significant difference in terms of the extracellular ATP or intracellular calcium concentrations (P>0.05). However, compared with the control group, the group that also received verapamil had significantly lower extracellular ATP and 8 . Overloading up-regulated the mRNA (B, C, D) and protein (A) expression of Caspase-3, Caspase-9 and Bax/Bcl-2, but verapamil alone had no effect on these values. Compared with the model group, both the overloading groups and the verapamil group had lower mRNA and protein expression of Caspase-3, Caspase-9 and Bax/Bcl-2. The results are shown as the mean ± SD of data from three independent experiments. * P<0.05 versus controls, # P<0.05 between groups. intracellular calcium concentrations, which were up-regulated by the overloaded mechanical stimulation (P<0.05). This finding suggests that after overloading for 8 days, the relationship between the intracellular calcium concentration and the secretion of ATP had changed. The reduction of ATP secretion and its contribution to the increase in intracellular calcium was far less than the increase caused by the opening of membrane calcium channels.
To further explore the overloading-induced biological changes in cells (Fig. 8) , we studied the effect of overloading for 8 days on the protein and mRNA expression of Caspase-3, Caspase-9 and Bax/Bcl-2, all of which increased significantly in the model group compared with the normal group (P<0.05). The addition of verapamil significantly decreased the expression of genes and proteins related to cell apoptosis in the overloading groups (P<0.05) but not in normal cells. This result indicates that the calcium overload caused by the opening of calcium channels on the membrane led to cell apoptosis in 8 d.
Discussion
Bone cells can sense mechanical stimulation and convert it into biochemical signals that lead to the expression of mechanically sensitive genes and proteins. The response of osteoblasts to mechanical stimulation depends on the type of mechanical stimulation. In studies of osteoblasts in recent years, the main applications of mechanical stimulation have been divided into fluid shear stress, cyclic stretching, and hydrostatic pressure [23] . The effect and mechanism of fluid shear stress and cyclic stretching on osteoblasts are relatively clear, but the effect of pressure on cells remains unclear. We explored the effect of pressure on cells using 3-D printed scaffolds in which the influence of the stress distribution is closer to that of humans.
It is well accepted that the physiological mechanical stimulation of bones increases osteoblast number and promotes the gene expression of differentiation markers, such as Col-1 and Runx-2. This stimulation also enhances bone formation and the maintenance of healthy bone mass, thus preventing osteoporosis [24] [25] [26] [27] [28] [29] . Physiological mechanical stimulation of long duration has no effect on osteoblasts [30, 31] . This effect may be associated with bone matrix "strain resistance", which means a short operation time could lead the bone to adapt to mechanical stimulation.
Unlike physiological mechanical stimulation, we found that overloading had a 'Double effect' (Fig. 9 ). Overloading promoted cell proliferation, differentiation and apoptosis simultaneously. A short duration had a greater effect on osteoblast proliferation and differentiation. The number of cells increased in connection with a change in the expression of genes related to differentiation, which increased the bone mineral density. A long duration caused less proliferation and differentiation and promoted cell apoptosis, causing disorders of bone homeostasis and increasing the incidence of bone diseases related to fatigue damage [32] [33] [34] . We also found that with a short duration, the operation time did not affect the cell proliferation or differentiation. This point is consistent with the results from physiological mechanical stimulation. The degree of apoptosis was related to the operation time of overloading. Increasing the operation time increased the degree of cell apoptosis.
We found that the 'Double effect' on osteoblasts induced by overloading was related to the intracellular calcium concentration. Intracellular calcium is in dynamic homeostasis with the general environment [35] . Opening of calcium channels on the cell membrane increases intracellular calcium, causing highly repetitive spike-like [Ca 2+ ] i peaks under mechanical stimulation [36, 37] . As a second messenger, calcium triggers a series of molecular biological Fig. 9 . Overloading had a 'Double effect' on osteoblasts. Calcium channel opening was induced by short-duration overloading and increasing intracellular calcium concentrations. At the same time, ATP release was induced by overloading and further increased the intracellular calcium concentration. This change promoted cell proliferation and differentiation. By contrast, long-duration overloading triggered cell apoptosis with increasing intracellular calcium concentration. effects and promotes cellular proliferation and differentiation. Calcium is removed by the Ca 2+ pump on the cell membrane or stored in the endoplasmic reticulum to maintain calcium homeostasis [38] . An overload of intracellular calcium triggers cell apoptosis, with intracellular calcium concentrations increasing under long-duration overloading, under which the intracellular calcium cannot be readily removed from cells [39] . The results show that the intracellular calcium concentration increased significantly after the application of mechanical stimulation to cells. However, the addition of verapamil, a calcium channel inhibitor, significantly inhibited the increase in intracellular calcium. This finding clearly supported the mechanism in which calcium channels respond to overloading.
The increase in ATP secretion and in P2 receptors on the cell membrane induced by short-duration mechanical stimulation up-regulated calcium through the opening of calcium channels on the endoplasmic reticulum [40, 41] . These effects promoted cell proliferation and differentiation. The results show that the trend was an initial increase in extracellular ATP [42] , followed by a decrease with the application of mechanical stimulation. For the short duration, NEM [43] or verapamil decreased extracellular ATP significantly while also tending to reduce intracellular calcium levels. Two different subtypes of P2 receptors were involved in the extracellular ATP-dependent signaling. The P2X subtype receptors are Ca 2+ -permeable channels, and the cytosolic Ca 2+ increase upon P2X receptor activation is dependent on extracellular Ca
2+
. The P2Y subtype receptors are G-protein coupled receptors that activate phospholipase C (PLC), which generates IP3. IP3 induces Ca 2+ release via IP3 receptors in the ER [44] .
We also confirmed that mechanical stimulation can cause the opening of membrane calcium channels, thus contributing to the release of extracellular ATP. Our results shows that verapamil, an L-type voltage-sensitive Ca 2+ channel (L-VSCC) blocker, could inhibit the release of extracellular ATP and the [Ca 2+ ] i increase, but how L-VSCCs are activated by mechanical perturbation is unclear [41] . Some studies reported that the release of ATP is associated with Ca 2+ -dependent vesicular exocytosis [45, 46] . Only two channels have been shown to play a role in the [Ca 2+ ] i response to mechanical stimulation: the mechanosensitive cation-selective channel (MSCC) and VSCC [47] . MSCC is associated with prostaglandin, TGFβ, and NO release [48] , and the addition of 10 μM GdCl 3 , an MSCC blocker, did not significantly block ATP release [41] . However, a recent study showed that inhibition of VSCCs using either nifedipine or verapamil significantly reduced the bone formation in mechanically loaded rat tibias and ulnae in vivo, indicating the importance of this channel in mechanotransduction in bone [49] . Therefore, a cooperative relationship exists between the release of ATP and the opening of calcium channels on the membrane to promote the osteoblast proliferation and differentiation induced by short-term overloading.
Cells under long-duration overloading had a substantial reduction in ATP production and secretion. The addition of NEM had no effect on the calcium concentration. This finding indicates that ATP had little effect on elevating intracellular calcium. The intracellular calcium concentration was significantly lower and the expression of apoptosis genes and proteins was significantly decreased after the addition of verapamil. This result suggests that calcium channels that experienced long-duration overloading remained open on the cell membrane, which led to excessive intracellular calcium. Opening of the PTP channel on mitochondria is irreversible, the cytochrome C located in the mitochondrial membrane is released into the cytoplasm, and the gene and protein expression of Caspase-9 and Caspase-3 induces cell apoptosis [50] [51] . Therefore, one of the main factors causing cell apoptosis under overloading is the opening of calcium channels on the membrane rather than the release of ATP.
